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L On the Theory of the Fine Structure
-~ = of the X-Ray Abserption Spectra of Yons in Solutions
3 Siacm

E. Ye. Vainshtein

It has recently been shown' that the method previously used® ® for ana-
lyzing the absorption edges of atoms in the molecules of a yas can be used
to campute, in the first approximation, the struciure of the x-ray absorp-
tion spectra of ions in solutions. It was essumcd that the effcct of the
molecules of the solvent and the multiplet structure of the terms of ions
cause an additional broadening of the selective absorption lines (in compar-
ison with gas), and that the value of this broadening remsine constent for
all the lines of the series. For this reason, during the synthesis of the
theoretical absorption curve, the shape of the first absorption line was
established by the symmetrical reflection of the long-wave section of the
experimental absorption edge, snd the shape of the other lines of the series
by the proportional decrease of the ordinates of the firsc of these lines.
Such a method of constructing the lines of selective absorption and of the
synthesis of the theoretical curve can, cf course, be considered a doubly
approximate method. The need fer improving and refining this method has be -
come especially evident in connection with the latest experimental investi-
gations in this field.® This psper describes a more precise method for cal-
culating the structure of the x-ray absorption spectrs of ions in solutions
and reports certain results of the use of this method in anelyzing thw ab-
sorption edges of the ions Zn** and Qu** in verious solvents.

It is well known® ® ® that the shape of the lines of selective x -rzy ab-
sorption of atoms in the molecules of gazes., whatever the degree of their
complexity, is well described by the dispersion formula.® The width of such
a line in the arbierery croas section z,, charscterized by the quantity m
(the ratio ot the intensity Io of the line at the maximm to the intensity
J on the contour at the level of the chosen cross section), is related’ to
the sc-called half =ideh I by the equatiun

Sl NN Vg § (1)
The degree of consistency of the theoretical cuxve x,/T' = f(m) with the
experimental curve is illustrated by curve I in Fig. 1. The broken line rep-
resentz the relation (1), and the crosses sand points denote the experimental

valuez of ./ for the first absorption line in the absorption edges of
gaseous A and Ge in the molecule GeCl,.

The mitustion is different fcr the x-ray abscrption spectra of ians in
solutions. In these spectra, the selective absorption lines are marked by
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their cansiderable width, and their shape is distortei}'m comparison with the
dispersion shape. In the case of the ions 7o't and Gu"7, for exampie, the re-
lation between x,/T and m can be represented by curve II in Fig. 1.

These peculisrities of the shape of the x-ray sbsorption lines of ions in
solutions can be explained if we take into accounc the effect of the ctectric
field of the molecules of the solvent, in
ok " which the ion in question is located, and
i the molecules of the solvate shell coordi-

)‘ nated arond the icn. The groun of energy

} levels which capture the X-elec zon of the
A absorbing stom in the process of absorption
2w y is split under the actian of t.hg field; yet,

= £ —— » because of the relatively small resolving
, ///_ pover of the spectral instruments in the
X V. 4 x -rey region, the group is perceived in toto

: as a wide absorption line {wider than that

] in gas), correspauding to 8 given value of
F the principel quantum number cf the final
/ leve) of the electron trensiticn. At the
] same time, the interaction between the ion
|
1

i and the molecules of the solvent inside the
i § 7 9 M  golvate must produce a change in the polari-
zability of the solvated ion as compared with
the free ion and, consequently,” ® a change
in the energy range and structure of the
main absorption edge of this ion in various solvents. From this viewpoint,

we begin to understand the results of recent experiments® concerned with

x -ray absorption spectra of ions in various solvents. For their theoretieal
interpretation we may limit curselves to
an examination of the linear Sterk effect.
For rimplicity, we first make certain as-
sumptions conceming the intensity of in-
dividual components. We may then assume
that, berause of the effect of the molec-
ular ficld, the x-ray sbsorption lines
that are nsrrow i a gas become, in a
solucion, & band whose widih is determined
by the distance between the extreme com-
penents of the term vhich is split as a
result of the Stark eftect. The weli-
Inown formula for this last quantity,

which we shall denote by 4, is

Fig. 1.

¥

[ et

nln—1) - Fig. 2. I, dependonce of k on
A= const-—( n—JF, {2) 'y I, dependep:ce of k on T/

vhere F is the magnitude of the average electric field acting on the solvated
ion in the solution,’® n is the nrincipal quantum number, and n is the effec-
tive charge of the {-ionized solvated ion. In visw of the above, we represent
the total width of ths selective absozption line in the absorption spectcum
of the ion in soluticns by

I'=A 4 £Dy, (3)
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vhere I' is the experimentsily observed width of the line in the shsosption
apectrum of an ion in ths zolution, Iy is the width of the initial level of
the transi.ion {almost cqual to the width of the correaponding sbecrption

line in the x-ray spectrum of an
atom in & geseous molecule), and
k is & ccefficient varying from
0 to 1.

The velue of this cuecificient
depends on the experimental ratio
of T and I'p; ite numerical value,
corresponding to the value of the
ratio 8/Tg or I's/T' cun be deter-
mined to a first sapproximation
from the graphs in Fig. 2. Egs.
(2) and (3) imply that, in con-
tradistinction to the case of
x-ray absorption spectra of
molecules of gases, the value I'
for the ien spectra in soiutions
must incrense with the increase
of the principal quantum number,

i
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Fig. 3. X-ray absorption spectra for Zn in
an aquecus solation. I, experimental absorp-
tion curve for Zn(m?)g; ’3: experimental curve
fsr ZInCly. The thin lines are cantours of
the selactive absorption lines. The crosses
are the points corresponding to the theoretical
absorption curve.

which characterizes the final level of the transition of the ls-electzron uf
the atoe during absorption. In this case'’

Bogs _n+1
Aﬂ

n—1?
and the quantity I' for large values
of n (corresponding to small vaiues
of the ratio I'o/T) becomes almost
equal to A.

By the method deacribed above
for computing I' for succeacive se-
lective absorption lines in x-rsy
spectrs of ions in solutions, we
can reproduce the contours of these
lines on the bagis of the experi-
menetally established relstion x/m

O

/\G.
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Fig. 4. Y-ray sbacrption apectre for Zn
in wethyl alcohol. I theoretical total sb-
crption

curve_for Zn(mg),,z{g exﬁrinqul ab-
¢ lor 2.

sorption curve, II experimental abe

sorption curv
are the cont
tion lines;
ferencea between the curves I an
I and JII, reapectively,

e thin lines

rs of shg salective ;bssx_' -
and O], III are the diil-
L 17, “and

= f(») (Fig. 1, II)., and construct
the theoretical sbsorption curves
according to the method of refer-
ences 2 and 3. Some of the curves
referring to the ion 2o in water
and in methyl alcohol'® are compared
in Figs. 3 and 4 with experimentally
obtained absorption edges.* As the
figures show, in all ceses the
trends of the theoretical and ex-
perimental absorption curves are
quite similar, and in aqueous solu-
tions these curves can be consid-
ered practically coincident. At the

ssme time, in comparing the thaoretical absarption curve and the experimentsl
curves obtained for tha ion under study in a nonagueous solvent in the
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presance of variousz anions (chloride-ion and an icn of NOy), cuvtain diffex -
ences may be noted. It seems probable that the more complicsted stiucture in
the experisentally observed absorption edges than in the case of the theoret-
ical curve is related to the premence of differently dissociated ions in the
solutions. In thia connection it is intereating ts note that the diffsrence
curves § = §(v) in Fig. 4 sre quite similar in shape and differ only in in-
tensity.

The foregoing conjecture is consistent with potentiometric and spectro- R
photametric studies of sclutions.’® It alec helps to explain the fact that
the structure of the x-ray spectrum of the absorbing ion in the preseace of
a chloride ion is more complex than in the presence of an ion of NOj.

lNarbntt. Barinaky, and Vainshtein, Doklady Akad. Nauk SSSR, 82, 567 {1952).
2V&innhtein. Baringky, and Narbutt, Doklady Akad. Msuk SSSR, 77, 1003 (1951).
3Vain.htein, Barinsky, and Narbutt, Doklady Aked. Neuk SSSR, 78, 39 (1951).

‘E. Ye. Vainahtein and V. S. Kavetsky, DoklaTy Akad. Nauk SGSR, 91, No. 4 (1953)
[trans)sted in the present series as NSF-«cr-141).

S&rinoky. Nariutt, snd Veinshtein, Dok)sdy Akad. Nauk 3SSR, 79, 49 (1951).

is is also the case for certain aolids; see Vsinshtein, Narbutt, snd Barinsky,
Doklady Akad. Nauk SSSR, 82, 701 {1952).

E. Ye. Vainshtein, Rentgenovikiye spektry eiczuv v molekulakh hhimicheskikh
sovedinznii i_v splavaki |X-Ray Spectra of Atoas in Molecules of Chomical Compounds
and in Alloys], 1951, p. I1.

This is accounted for by the fact that the initis] level of the electron transi-

tion ia wider in the x-ray region than in the optical regica.

The validity of this approxismation rests on: (s) the proved gqnibility of con-
sidering the process of x-rsy sbsorption by the ions Zn** and Cu** in solution on
the basis of the hydrofoqlike wode] (Vsinshtein, Barinaxy, and Narbutt, Zhur. ekaptl.
i teort. fiz., isaue 11 ¢{1952)); snd (b) the experimental fact4 thst energy (T/n*)?
depends linesrly on the dipole moment of the molecules of the solvent. This dependence
can be explained very essily on the basis of the assusption made.

104 ¢ the ion under ltud{ is surrounded by dipole wolecules, then the intensity of
the field F is proportionsl to the vslus of the dipole woment of the lstter.

11y, nota that the ls-np lines of selective ubsorption sre so wide when n > 9 that
their effect on the fine structure of spectrs is ne;figible.

121)0 method slso made it possible to cslculste the absorption smectra nf M**
obtained? in aguecus and nonaguecus solutions.

135 K. Babko and V. S. Kodensksya, Zhur. obshchei khim., 17, 1081 (1947).

Vernadsky Institute of Geochemiatry and Anelytical Chemistry, USSR Acsdemy of Science
Reccived November 4, 1952; presented by Acsdemicisn I. 1. Chernyayev June 23, 1953

AEC, Oak Ridge, Tenn,-W4G330
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